Aims This study sought to determine predictors of left ventricular thrombus formation and resolution after acute anterior wall myocardial infarction.
Introduction
It is well known that the incidence of left ventricular thrombosis is high in patients with acute myocardial infarction [1-31. Although the vast majority of patients with left ventricular thrombi have large anterior infarcts with depressed left ventricular systolic function, thrombi are not invariably present in such patients. Thrombi can also be found in small apical infarcts, with good global systolic function [21. Left ventricular thrombosis occurs rarely in patients with inferior infarcts [41. These facts indicate that the process of left ventricular thrombosis is complex and that factors other than infarct size and site may have an impact on the development of left ventricular thrombosis after myocardial infarction.
Two-dimensional echocardiography is a highly accurate non-invasive technique for the detection of left ventricular thrombi [5] [6] [7] 1. Serial echocardiographic examinations allow reliable assessment of the incidence and natural history of left ventricular thrombi. In addition, other variables which may influence thrombus formation or dissolution can be evaluated using echocardiography, such as global and regional systolic function. There are many different, but important clinical consequences of left ventricular thrombosis after myocardial infarction [8-12 1 , so prediction of thrombus formation and
Two-dimensional echocardiography is a highly accurate non-invasive technique for the detection of left ventricular thrombi [5] [6] [7] 1. Serial echocardiographic examinations allow reliable assessment of the incidence and natural history of left ventricular thrombi. In addition, other variables which may influence thrombus formation or dissolution can be evaluated using echocardiography, such as global and regional systolic function. There are many different, but important clinical consequences of left ventricular thrombosis after myocardial infarction [8-12 1 , so prediction of thrombus formation and resolution may have a significant impact on patient management. The purpose of this study was to determine predictors of left ventricular thrombus formation and resolution after acute anterior wall myocardial infarction.
Methods

Patients
We have prospectively evaluated 53 consecutive patients with a first acute anterior wall myocardial infarction who met the following criteria: (1) age ::;; 70 years, (2) chest pain lasting > 30 min, (3) ST segment elevation ~ 2 mm at least in two anterior electrocardiographic leads, (4) transient elevation of creatine kinase and/or MB isoenzyme, and (5) first echo cardiogram performed within 24 h of the onset of pain. These patients are a subgroup of 131 patients with acute myocardial infarction reported previously[l3 1 . Since none of the 78 patients with inferior infarcts developed left ventricular thrombus during one year follow-up, they were not included in the study.
Baseline characteristics of patients enrolled in the study are shown in Table 1 . Clinical assessment of patients' cardiovascular status was made according to the Killip classification[l41. Six patients enrolled in the study died during the one-year follow-up period (two patients died on day 2, and one patient each after 3 days, 3 weeks, 6 weeks, and 6 months); their data were included in the study until death. Two patients had technically inadequate images for infarct quantitation.
Therapy
Thrombolytic therapy (intravenous streptokinase 1 500000 IU over 30-60 min) was administered in 27/53 (51 %) patients. The remaining patients did not receive thrombolytic therapy due to late admission after the onset of the pain or some contraindication for thrombolysis. In this study, patients were not randomized to various anti thrombotic regimens. During hospitalization, 42/53 patients received intravenous heparin (1000 IV/h) for 2 days, followed with subcutaneous heparin for 5 days, and 45/53 received aspirin (150-300 mg daily). Oral anticoagulation was started in 28/53 patients because of poor left ventricular function and/or presence of left ventricular thrombus detected by echocardiography (coumarin, target INR=2-3). During first 3 months after infarction, 26/49 patients received oral anticoagulants and 18/49 patients received aspirin. After 3 months, 40 patients received oral aspirin throughout the echocardiographic follow-up.
Echocardiograms
Patients were serially evaluated by two-dimensional and Doppler echo cardiography in the following sequence: on admission (day 1), and on days 2, 3 and 7 after 3 and 6 weeks, 3 and 6 months and 1 year after infarction. All examinations were performed with an Acuson 128 machine (Mountain View, CA, U.S.A.), using a 2·5 MHz transducer, and were stored on VHS video tapes for later analysis.
The diagnosis of left ventricular thrombosis was made when an echo dense mass with a margin distinct from the left ventricular wall was detected within the left ventricular cavity and was visible throughout the cardiac cycle in at least two different echocardiographic views and associated with asynergy (akinesis or dyskinesis) of the adjacent myocardium [l] . During recording, particular care was taken to obtain all possible views and to optimize depth and gain settings in order to minimize the possibility of false-positive or false-negative Eur Heart J, Vol. 19, June 1998 resolution may have a significant impact on patient management. The purpose of this study was to determine predictors of left ventricular thrombus formation and resolution after acute anterior wall myocardial infarction.
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Echocardiograms
The diagnosis of left ventricular thrombosis was made when an echo dense mass with a margin distinct from the left ventricular wall was detected within the left ventricular cavity and was visible throughout the cardiac cycle in at least two different echocardiographic views and associated with asynergy (akinesis or dyskinesis) of the adjacent myocardium [l] . During recording, particular care was taken to obtain all possible views and to optimize depth and gain settings in order to minimize the possibility of false-positive or false-negative readings. B-colour was also used in equivocal situations. Each echocardiographic study was interpreted independently by two echocardiographers who were blinded to patients' clinical data. A total of 393 studies were reviewed. In 384 (97'7%) studies observers were in complete agreement on the presence or absence of thrombus. In nine (2'3%) studies in which disagreement occurred, consensus was reached after reviewing the studies again.
Left ventricular end-diastolic and end-systolic volumes and ejection fraction were determined from apical two-and four-chamber views using the Simpson's biplane formula, according to the recommendations of the American Society of Echocardiography[15 1 . Tracing of endocardial borders in end-diastole and end-systole was performed on the Acuson 128 machine in the technically best cardiac cycle. The volumes were normalized for body surface area and expressed as indexes.
Infarct perimeter (defined as the length of the left ventricular endocardium with wall motion abnormalities) and total left ventricular perimeter were determined in end-diastole from apical four-and two-chamber views; the ratio of two perimeters was expressed as infarct percentage. Infarct expansion was defined as: (1) an increase of >5% in infarct percent and total perimeter on days 2 to 3 in either view, or (2) an initial infarct percentage > 50%, with an increase of > 5% of the total perimeter on days 2 to 3[161. Infarct and total left ventricular perimeters obtained in four-and twochamber views were averaged and mean perimeters were used in further analyses.
In order to calculate the wall motion score index, the left ventricle was divided into 16 segments[15 1 . Segmental wall motion was graded as follows: normal motion at rest (score = 1); hypokinetic -marked reduction in endocardial motion and systolic thickening (score=2); akinetic -virtual absence of inward motion and systolic thickening (score = 3); and dyskineticparadoxical wall motion away from the centre of the left ventricle in systole (score =4). The wall motion score index was calculated by summation of individual segment scores divided by the number of interpreted segments.
Pulsed-wave and colour Doppler flow mapping were used for the detection and grading of mitral regurgitation. Severity of mitral regurgitation was assessed semiquantitatively according to the length of the turbulent flow jet into the left atrial cavity, using the scale 0 -4+[171.
Coronary angiography
Forty-four patients enrolled in the study underwent coronary angiography before discharge; four patients died before the scheduled procedure and five patients did not agree to undergo coronary angiography. Perfusion of the infarct-related artery was assessed using TIMI 
Clinical follow-up
Follow-up data regarding systemic embolism and death were obtained in all patients by regular visits or telephone contact with patients or their family.
Statistical analysis
The chi-square test was used for comparison of nonparametric data and the t-test was used to compare continuous variables. 
Results
Left ventricular thrombi
Left ventricular thrombi were detected in 30/53 (56'6%) patients. All thrombi were localized in the left ventricular apex, and almost all thrombi (29/30, 96'7%) were detected within the first week after infarction; only one thrombus was detected for the first time 3 weeks after infarction. In 19/30 (63'3%) patients, thrombus, once detected, was present during the entire echocardiographic follow-up. However, in 11/30 (36'7%) cases permanent or temporary thrombus disappearance was noted on follow-up echocardiographic studies. The prevalence of left ventricular thrombi during the follow-up period is shown in Fig. 1 . When detected for the first time, thrombi were laminar in 25/30 (83'3%) patients, whereas a protruding shape was noted in 5/30 (16'7%) patients. However, in 6/30 (20'0%) patients a laminar thrombus changed its shape to protruding on subsequent echocardiographic readings. B-colour was also used in equivocal situations. Each echocardiographic study was interpreted independently by two echocardiographers who were blinded to patients' clinical data. A total of 393 studies were reviewed. In 384 (97'7%) studies observers were in complete agreement on the presence or absence of thrombus. In nine (2'3%) studies in which disagreement occurred, consensus was reached after reviewing the studies again.
Coronary angiography
Forty-four patients enrolled in the study underwent coronary angiography before discharge; four patients died before the scheduled procedure and five patients did not agree to undergo coronary angiography. Perfusion of the infarct-related artery was assessed using TIMI criteria[ 18 1. Successful reperfusion was defined as TIMI Eur Heart J, Vol. 19, June 1998 grade 3. Significant stenosis was defined as >70% area stenosis of the major epicardial coronary artery.
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Statistical analysis
Results
Left ventricular thrombi
Left ventricular thrombi were detected in 30/53 (56'6%) patients. All thrombi were localized in the left ventricular apex, and almost all thrombi (29/30, 96'7%) were detected within the first week after infarction; only one thrombus was detected for the first time 3 weeks after infarction. In 19/30 (63'3%) patients, thrombus, once detected, was present during the entire echocardiographic follow-up. However, in 11/30 (36'7%) cases permanent or temporary thrombus disappearance was noted on follow-up echocardiographic studies. The prevalence of left ventricular thrombi during the follow-up period is shown in Fig. 1 . When detected for the first time, thrombi were laminar in 25/30 (83'3%) patients, whereas a protruding shape was noted in 5/30 (16'7%) patients. However, in 6/30 (20'0%) patients a laminar thrombus changed its shape to protruding on subsequent echocardiographic 
Embolic events
None of the patients enrolled in the study had any symptom or sign of systemic embolism during hospitalization or during the follow-up period_
Predictors of left ventricular thrombus formation
Univariate analysis (Table 2) showed that left ventricular thrombosis was associated with a higher initial end-systolic volume index, and end-diastolic volume index, a larger infarct perimeter, a lower initial ejection fraction, a higher initial wall motion score index, a higher peak creatine kinase level, Killip class > 1, infarct expansion, occluded infarct-related artery and nonthrombolytic therapy_ This analysis revealed that age, sex, anti thrombotic (heparin, aspirin, warfarin), betablocker and ACE inhibitor therapy, severity of apical wall motion asynergy on admission, presence of mitral regurgitation, and the extent of coronary artery disease were not predictive of thrombus formation_ According to the Cox proportional regression model, independent predictors of thrombus formation after acute myocardial infarction were a high endsystolic volume index and a high peak creatine kinase level (Table 3) Censored regression showed that if thrombus appeared, it would appear earlier in the course of the disease if there were: an initial ejection fraction ::;;40% (parameter estimate = 164-1, t=7-05, P<O-OOl), an occluded infarct-related artery (parameter estimate = 126-9, t= 1-74, P=0-09), multivessel coronary artery disease (parameter estimate= -300-2, t= -5-36, P<O-OOI) and a high peak creatine kinase level (parameter estimate= -0-03, t= -3-65, P=O-OOl)_ Other variables were not related to the timing of thrombus appearance_
Predictors of left ventricular thrombus disappearance
As mentioned above, in 11130 patients after thrombus was detected, its permanent or temporary disappearance was noted on following echocardiographic studies_ No difference was found regarding antithrombotic therapy (heparin, coumarin, aspirin) between patients without left ventricular thrombi, with permanent thrombi and with variable thrombi_ Demographic, clinical, angiographic and echocardiographic data of patients with and without thrombus resolution are shown in Table 4_ Apical dyskinesis 6 weeks after infarction was found more frequently in patients with permanent thrombus_ Univariate Cox Eur Heart J, Vol. 19 
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Predictors of left ventricular thrombus formation
Univariate analysis (Table 2) showed that left ventricular thrombosis was associated with a higher initial end-systolic volume index, and end-diastolic volume index, a larger infarct perimeter, a lower initial ejection fraction, a higher initial wall motion score index, a higher peak creatine kinase level, Killip class > 1, infarct expansion, occluded infarct-related artery and nonthrombolytic therapy_ This analysis revealed that age, sex, anti thrombotic (heparin, aspirin, warfarin), betablocker and ACE inhibitor therapy, severity of apical wall motion asynergy on admission, presence of mitral regurgitation, and the extent of coronary artery disease were not predictive of thrombus formation_ According to the Cox proportional regression model, independent predictors of thrombus formation after acute myocardial infarction were a high endsystolic volume index and a high peak creatine kinase level (Table 3) 
Predictors of left ventricular thrombus disappearance
As mentioned above, in 11130 patients after thrombus was detected, its permanent or temporary disappearance was noted on following echocardiographic studies_ No difference was found regarding antithrombotic therapy (heparin, coumarin, aspirin) between patients without left ventricular thrombi, with permanent thrombi and with variable thrombi_ Demographic, clinical, angiographic and echocardiographic data of patients with and without thrombus resolution are shown in Table 4_ Apical dyskinesis 6 weeks after infarction was found more frequently in patients with permanent thrombus_ Univariate Cox CI=confidence interval, RR=relative risk ratio. *Other variables included in the model were: initial end-diastolic volume index, ejection fraction and wall motion score index, infarct expansion and infarct perimeter, thrombolysis, therapy with heparin, aspirin, warfarin, beta-blockers and ACE inhibitors, Killip class, extent of coronary artery disease, patency of the infarct-related artery, severity of apical asynergy and presence of mitral regurgitation. The model was tested for inter-relations between end-systolic volume index and other parameters of left ventricular function. Cox analysis showed the same results when only end-systolic volume index was arbitrarily included in the model. analysis revealed that the only variable associated with thrombus resolution was less severe apical asynergy at 6 weeks (beta= -1,64, P=Q·Ql). Patients with permanent and variable thrombus were similar regarding all other variables shown in Table 4 , including oral beta-blocker therapy, anticoagulant and antiplatelet therapy, during hospitalization and after discharge.
According to the Cox proportional regression model, the only independent predictor of thrombus disappearance was the absence of apical dyskinesis at 6 weeks after infarction (Table 5 ). However, censored regression did not reveal any variable that might influence the timing of thrombus disappearance.
Discussion
Several issues should be considered regarding the clinical importance of left ventricular thrombosis after acute myocardial infarction. First, higher mortality has been reported in patients with left ventricular thrombi after infarction l81 , especially when these develop within the first 48 h after infarction[9l. Second, left ventricular thrombi may have embolic potential[1o,11,19,20 1 ; however, the real incidence of embolic events and the best prevention and treatment strategy still remain controversial. Finally, lower early morbidity and mortality and improvement of functional class was reported in patients with mural thrombus after infarction 1101 . Therefore, understanding the circumstances in which left ventricular thrombosis occurs may influence patient management. To our knowledge, there is no prospective study that has investigated predictors of thrombus formation and disappearance in the same group of consecutive patients with acute myocardial infarction using serial echocardiographic follow-up during the first year after infarction. In several previously reported studies dealing with this problem, only a few echocardiographic examinations were utilized to detect thrombusI21.221. In others, the first week after infarction was missed and a logistic regression model to determine predictors was used l201 . The logistic regression model does not consider the time of thrombus appearance and/or disappearance and therefore is less powerful in this setting compared to the Cox proportional regression model.
25,------------------------------
Predictors of left ventricular thrombus formation
The incidence of left ventricular thrombi in our study was 56'6%, which is higher than previously published data 11 ,2,6-8,23 1 , and is approaching the incidence reported in autopsy studiesI24,251. It is probably the result of particular efforts to obtain the best possible visualization of the entire left ventricular cavity and frequent echo cardiographic examinations during the follow-up period. It has been shown that thrombi may appear very early in the course of infarction, as early as within a few hours after experimental infarction l261 . All but one thrombus in our study were detected for the first time during the first week after infarction. Therefore, frequent echocardiographic examinations are essential to determine the exact incidence of left ventricular thrombosis, particularly in the first week after infarction. Studies that miss the first week after infarction may lack substantial data regarding thrombus incidence and natural history. Table 4 , including oral beta-blocker therapy, anticoagulant and antiplatelet therapy, during hospitalization and after discharge. According to the Cox proportional regression model, the only independent predictor of thrombus disappearance was the absence of apical dyskinesis at 6 weeks after infarction (Table 5 ). However, censored regression did not reveal any variable that might influence the timing of thrombus disappearance.
Discussion
25,------------------------------
Predictors of left ventricular thrombus formation
The incidence of left ventricular thrombi in our study was 56'6%, which is higher than previously published data 11 ,2,6-8,23 1 , and is approaching the incidence reported in autopsy studiesI24,251. It is probably the result of particular efforts to obtain the best possible visualization of the entire left ventricular cavity and frequent echo cardiographic examinations during the follow-up period. It has been shown that thrombi may appear very early in the course of infarction, as early as within a few hours after experimental infarction l261 . All but one thrombus in our study were detected for the first time during the first week after infarction. Therefore, frequent echocardiographic examinations are essential to determine the exact incidence of left ventricular thrombosis, particularly in the first week after infarction. Studies that miss the first week after infarction may lack substantial data regarding thrombus incidence and natural history. Our patients were not randomized to anti thrombotic therapy and the majority of them were treated with one or a combination of antithrombotic agents. However, no difference was found regarding the incidence of thrombus formation and resolution between patients with and without heparin, aspirin and oral anticoagulants, either during hospitalization or after discharge. In several previously published studies, a trend in favour of the beneficial effect of anticoagulant therapy was noted[27-30 1 and in one of these studies this trend reached statistical significance[29 1 . Antiplatelet therapy failed to demonstrate a significant decrease in left ventricular thrombus after infarction[31, 32 1. Prospective echo cardiographic studies investigating the effect of thrombolysis on thrombus appearance after infarction revealed controversial results: some of them did not demonstrate a reduction of thrombus incidence following thrombolysis[33 1 , while others showed that thrombolytic therapy, by preserving the left ventricular function, reduced its incidence[34-37 1. Our data showed that left ventricular thrombosis was less frequent in patients treated with thrombolysis. Although a direct lytic effect may decrease the incidence of left ventricular thrombosis, an unchanged relationship between left ventricular function and thrombosis risk after thrombolysis indicates that improved global and regional left ventricular function have a predominant role in prevention of thrombus formation [35. 36 1. In the univariate model, we also found that thrombus formation is associated with larger infarcts, infarct expansion, failed reperfusion and/or more severe left ventricular dysfunction. However, the possibility that the absence of thrombolysis may be predictive of thrombus formation because of increased blood coagulation in respect to thrombolysed patients cannot be excluded.
We found that the initial end-systolic volume, which has been previously reported as a major predictor of survival after acute myocardial infarction[38 1 , was the strongest independent predictor of thrombus formation. This is the first study to demonstrate that lower end-systolic volume has a protective effect against thrombus formation, regardless of the presence of other, thrombus formation-prone patient characteristics. This may facilitate early detection of patients who, among the population with large anterior infarcts, have a particularly high probability of developing left ventricular thrombosis. Accordingly, modification of the management strategy regarding therapy, as well as the need for further diagnostic procedures may be suggested. For example, it could be recommended that the echo cardiographic examination be repeated if the initial echocardiogram revealed a large endsystolic volume, in order not to miss a left ventricular thrombosis.
We showed that early thrombus formation should be expected in patients with large infarcts, more severe left ventricular dysfunction, more extensive coronary artery disease and failed infarct-related artery reperfusion. It is well known that these factors are associated with poor prognosis, so these findings may explain the increased mortality in patients in whom thrombus formation occurred within 48 h of infarction, compared to those in whom thrombi developed after that period[9 1 .
It has been demonstrated that mitral regurgitation prevents thrombus formation in patients with dilated cardiomyopathy[39 1 • However, no study has investigated whether this observation can be extended to patients with acute myocardial infarction. The design of this study enabled us to assess the impact of mitral regurgitation on thrombus formation after acute myocardial infarction. The protective effect of mitral regurgitation may be the consequence of augmented early diastolic flow velocities at the mitral annulus Eur Heart J, Vol. 19, June 1998 Our patients were not randomized to anti thrombotic therapy and the majority of them were treated with one or a combination of antithrombotic agents. However, no difference was found regarding the incidence of thrombus formation and resolution between patients with and without heparin, aspirin and oral anticoagulants, either during hospitalization or after discharge. In several previously published studies, a trend in favour of the beneficial effect of anticoagulant therapy was noted[27-30 1 and in one of these studies this trend reached statistical significance[29 1 . Antiplatelet therapy failed to demonstrate a significant decrease in left ventricular thrombus after infarction[31, 32 1. Prospective echo cardiographic studies investigating the effect of thrombolysis on thrombus appearance after infarction revealed controversial results: some of them did not demonstrate a reduction of thrombus incidence following thrombolysis[33 1 , while others showed that thrombolytic therapy, by preserving the left ventricular function, reduced its incidence [34-37 1. Our data showed that left ventricular thrombosis was less frequent in patients treated with thrombolysis. Although a direct lytic effect may decrease the incidence of left ventricular thrombosis, an unchanged relationship between left ventricular function and thrombosis risk after thrombolysis indicates that improved global and regional left ventricular function have a predominant role in prevention of thrombus formation [35. 36 1. In the univariate model, we also found that thrombus formation is associated with larger infarcts, infarct expansion, failed reperfusion and/or more severe left ventricular dysfunction. However, the possibility that the absence of thrombolysis may be predictive of thrombus formation because of increased blood coagulation in respect to thrombolysed patients cannot be excluded.
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It has been demonstrated that mitral regurgitation prevents thrombus formation in patients with dilated cardiomyopathy[39 1 • However, no study has investigated whether this observation can be extended to patients with acute myocardial infarction. The design of this study enabled us to assess the impact of mitral regurgitation on thrombus formation after acute myocardial infarction. The protective effect of mitral regurgitation may be the consequence of augmented early diastolic flow velocities at the mitral annulus 
Left ventricular thrombus disappearance
Left ventricular thrombi can disappear either spontaneously or after anticoagulation. Thrombus disappearance may be associated with embolic events or may occur without any clinically detectable sign or symptom. Reported rates of thrombus resolution ranged from 20_71%[1-3.26.34,44-4 7 1. One third of thrombi detected in our study disappeared during the echocardiographic follow-up but no embolic episodes were detected during the follow-up period. This may reflect the low overall embolic potential of left ventricular thrombi after infarction, but the fact that the majority of studied patients received some anti thrombotic therapy should also be considered. However, pooled data showed that arterial embolic events occurred in 18% patients with left ventricular thrombus but only in 2% patients without thrombus and that the risk is especially high in those with mobile and protruding thrombi[ 48 
1.
Univariate analysis showed that the only variable found to be associated with thrombus resolution was less severe apical asynergy at the end of the healing phase. In addition, the absence of apical dyskinesis was the only independent predictor of thrombus disappearance. However, no variables were identified to predict the time of thrombus disappearance. It is interesting that the severity of apical asynergy was not crucial for thrombus formation, but it seems to be important for thrombus resolution. Keren et aZPOl also analysed factors associated with thrombus resolution, and their results showed an association between thrombus resolution with anticoagulant therapy and apical akinesis instead of dyskinesis. However, echo cardiographic examinations were not performed during the first week after infarction, angiographic parameters were not included in the model and logistic regression, instead of the Cox proportional regression model, was used. Surprisingly, a recent report on better outcome in patients with left ventricular thrombi indicated that thrombi may be beneficial[lOl; thrombus persistence in patients with extensive left ventricular damage and a left ventricular aneurysm might reflect the natural protective mechanism which is trying to minimize the impairment caused by infarction. Therefore, a different approach should be considered for a mobile, protruding left ventricular thrombus in the first hours or days after infarction, and for an adherent, flat thrombus few weeks or months later.
Conclusions
Our data demonstrate that a high initial end-systolic volume is the major predictor of left ventricular thrombus formation after acute anterior myocardial infarction. It appears that determination of end-systolic volume can differentiate patients with anterior infarction who would develop left ventricular thrombosis from those who would not. Thrombus resolution is more likely to occur in patients without left ventricular dyskinesis at the end of the healing phase.
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